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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This Invention relates to visual inspection 
method and apparatus for performing a visual inspec- 
tion for contact lenses using an image pickup device to 
detect defects of contact lenses such as soil, foreign 
matters, scratches, breakage, peripheral damage, etc. 
of the contact lenses. 

2. Description of Related Art 

[0002] In order to perform a visual inspection for con- 
tact lenses to detect defects of the contact lenses such 
as soil, foreign matters, scratches, breakage, peripheral 
damage, etc., the following method has been conven- 
tionally utilized. That is, contact lenses are directly pro- 
jected in an enlarging scale one by one by an optical 
projector for the visual inspection without being placed 
in a container (that is, under a condition that these are 
not protected from an external force), and an operator 
checks a projected screen to find out the defects. 
[0003] For example, Japanese Laid-open Patent Ap- 
plication No. 63-48431 which is titled "Lens Inspection 
Device" discloses a technique in which an image (pic- 
ture) of a lens is divided into a central part image and a 
peripheral (profile) part image to measure a binary sig- 
nal time for each part image and then the quality of the 
lens (i.e., whether the lens is good or bad) is judged on 
the basis of the judgment as to whether the binary signal 
value is within a permissible range. 
[0004] Furthermore, in a technique as disclosed in 
Japanese Laid-open Patent application No. 2-257007 
which is titled "Inspection Device for Peripheral Chip of 
Contact Lens", the peripheral portion of a contact lens 
is imaged by an image pickup device to obtain a binary 
image of the contact lens, then the position coordinates 
of the peripheral portion are detected on the basis of the 
binary image by detection means, and then the least 
square quadratic approximation is performed on the ba- 
sis of the detected position coordinates. Through this 
approximation method, the peripheral chip of the con- 
tact lens can be detected on the basis of the following 
parameters: the difference between the position coordi- 
nates detected by the detection means, which would be 
originally a very small value if the contact lens has no 
chip; the quadratic coefficient of the quadratic approxi- 
mation curve; and the width of the imaged peripheral 
portion. 

[0005] In a technique as disclosed in Japanese Laid- 
open Patent Application No. 4-305144 which is titled "In- 
spection Device for Peripheral Chip of Contact Lens", 
the peripheral chip of the contact lens is detected by a 
contact lens detection means for converting an image 
of the contact lens into electrical signals, an image 



processing means for converting the electrical signals 
to image (picture) signals to extract only the peripheral 
portion of the contact lens, an arithmetical processing 
and judging means for processing the extracted portion 
5 to search a peripheral chip and judging the peripheral 
chip of the contact lens, and a transferring means for 
transferring the contact lens to a position at which the 
contact lens detection means can detect the contact 
lens. 

10 [0006] Still furthermore, in a technique as disclosed 
in Japanese Laid-open Patent Application No. 4-321 1 86 
(corresponding to EP-A-0 491 663) which is titled "Proc- 
ess and Device for Inspecting Optical Articles, particu- 
larly Optical Articles associated with Eyes, and Device 

15 for Illuminating Transparent Object Being Inspected", 
the image of an article being inspected is formed, and 
then defects of the imaged article being inspected is 
subjected to an image analysis to detect the defect. In 
the image analysis, a two-dimensional high-contrast im- 

20 age is formed to set an image area for a visualized de- 
fect, and then the defect image is compared with a 
threshold above "1". 

[0007] In the conventional visual inspection devices 
for contact lenses as described above, the contact lens- 
es es has been inspected one by one using the optical pro- 
jector or CCD image pickup device white they are not 
placed in containers as described above. Therefore, the 
inspected contact lenses are liable to be damaged 
(soiled, scratched or the like) during a period from the 
30 end of the visual inspection till the time when the contact 
lens is put into a storage container, and thus much at- 
tention must be paid to the handling of the contact lens. 
Particularly with respect to a soft contact lens, it is more 
liable to be soiled or scratched, and thus the visual in- 
35 spection of a contact lens has been increasingly re- 
quired to be performed while the contact lens is placed 
in a container (that is, under such a condition that the 
contact lens is protected from the external force). 

40 SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide 
visual inspection method and apparatus for contact 
lenses in which a visual inspection for contact lenses 

45 can be performed while each contact lens is placed in 
a container filled with preservation liquid. 
[0009] In order to attain the above object, according 
to one aspect of the present invention, a contact lens 
visual inspection method comprises a mask image form- 

50 ing step of imaging a contact lens insertion portion of a 
contact lens insertion container using an image pickup 
device to form an image of the contact lens insertion por- 
tion and then forming, on the basis of the image obtained 
through the image pickup operation, a mask image ob- 

55 tained by extracting an area which exists on a container 
and is unnecessary for the visual inspection of a contact 
lens, a visual inspection area determining step of imag- 
ing, using the image pickup device, a system containing 
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the contact lens insertion portion of the container, the 
contact lens placed in the contact lens insertion portion 
and the preservation liquid filled in the contact lens in- 
sertion portion to obtain an inspection object image, and 
then overlapping the inspection object image obtained 
through the image pickup operation with the mask im- 
age to set as a visual inspection area an area obtained 
by subtracting the mask image from the inspection ob- 
ject image, and a visual inspection step of detecting de- 
fects of the contact lens such as soil, foreign matters, 
scratches, breakage, peripheral damage, etc. for the 
visual inspection area which is obtained by subtracting 
the mask image from the inspection object image. 
[001 0] Between the mask image forming step and the 
visual inspection area determining step may be further 
provided a deaerating step of inserting the contact lens 
into the container in a state where the preservation liquid 
is filled in the container and then applying ultrasonic 
wave to the container to deaerate bubbles occurring on 
the inspection object. 

[0011] . Furthermore, at least two position marks for 
position detection are provided at predetermined posi- 
tions of the container, and the visual inspection area de- 
termining step comprises the steps of calculating the co- 
ordinate value of each position mark when the mask im- 
age is formed and when the inspection object image is 
formed, enlarging, reducing, rotating or parallel-displac- 
ing the inspection object image or mask image on the 
basis of the difference between the coordinate values 
of the position mark at the both image-forming times so 
that the inspection object image and the mask image 
are overlapped with each other, and setting as the visual 
inspection area the area which is obtained by subtract- 
ing the mask image from the inspection object image. 
[001 2] The visual inspection step comprises the steps 
of dividing brightness information obtained on pixel ba- 
sis by the image pickup device into plural areas at pre- 
determined angular intervals, summing the brightness 
information every area and detecting a stamp range of 
marks and characters on the basis of the sum. 
[0013] Furthermore, the visual inspection step com- 
prises the steps of extracting the periphery of the contact 
lens on the basis of the brightness information which is 
obtained on pixel basis by the image pickup device, cal- 
culating the distance between the extracted periphery 
and the center of the extracted periphery every fixed an- 
gular interval, calculating plural average values of the 
obtained distance values by a weighting average meth- 
od in which the distance values are averaged while var- 
ying the number of the distance values to be used for 
the averaging, thereby obtaining an average value in ac- 
cordance with the number of the used distance values, 
and detecting the peripheral damage of the contact lens 
on the basis of the difference of the p jural average val- 
ues. 

[0014] The mask image forming step includes a mask 
image dilating step of dilating, by at least one pixel, the 
surrounding of the area which exists on the container 



and is unnecessary for the visual inspection of the con- 
tact lens. 

[0015] Furthermore, the visual inspection step in- 
cludes the step of dilating, by at least one pixel, the sur- 
s rounding of the periphery of the contact lens which is 
cut out by the subtraction of the mask image from the 
inspection object image, thereby linking the surrounding 
of the periphery. 

[001 6] According to another aspect of the present in- 
fo vention, the visual inspection apparatus for contact lens- 
es includes a mask image forming means for imaging a 
contact lens insertion portion of a contact lens insertion 
container using an image pickup device to form an im- 
age corresponding to the contact lens insertion portion, 
*s and then forming a mask image by extracting from the 
image obtained through the image pickup operation an 
area which exists on a container and is unnecessary for 
the visual inspection of a contact lens, a visual inspec- 
tion area determining means for imaging, using the im- 
20 age pickup device, a system containing the contact lens 
insertion portion of the container, the preservation liquid 
filled in the contact lens insertion portion and the contact 
lens placed in the contact lens insertion portion to obtain 
an inspection object image, overlapping the inspection 
25 object image with the mask image to subtract the mask 
image from the inspection object image to obtain a sub- 
tracting image, and setting as a visual inspection area 
an area corresponding to the subtracting image ob- 
tained by subtracting the mask image from the inspec- 
30 tion object image, and a visual inspection means for de- 
tecting the defects of the contact lens such as soil, for- 
eign matters, scratches, breakage, peripheral damage, 
etc. for the visual inspection area. 
[001 7] The bottom portion of the contact lens insertion 
35 portion of the container may be designed in a spherical 
shape like a lens. 

[001 8] The imaging operation of the image pickup de- 
vice is carried out under a bright field illumination for de- 
tecting back defects, and a dark field illumination for de- 

40 tecting white defects, and logo marks and characters 
which are stamped on the contact lens. 
[0019] According to the present invention, in the mask 
image forming step, the contact lens insertion portion of 
the contact lens insertion container is imaged by the im- 

4S age pickup device and then the area which exists on the 
container and is unnecessary for the visual inspection 
of the contact lens is extracted from the image obtained 
through the image pickup operation to obtain the mask 
image. In the visual inspection area determining step, 

50 the system containing the contact lens insertion portion 
of the container, the preservation liquid filled in the con- 
tact lens insertion portion and the contact lens placed in 
the contact lens insertion portion is imaged by the image 
pickup device to obtain the inspection object image. 

55 Thereafter, the inspection object image obtained 
through the image pickup operation is overlapped with 
the mask image and the mask image is subtracted from 
the inspection object image to obtain the subtracting im- 
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age. The area corresponding to the subtracting image 
is set as the visual inspection area. In the visual inspec- 
tion step, the defects of the contact lens such as soil, 
foreign matters, scratches, breakage, peripheral dam- 
age, etc. are detected for the visual inspection area s 
which is obtained by subtracting the mask image from 
the inspection object image. 

[0020] In the visual inspection area determining step, 
the contact lens is placed in the container while the pres- 
ervation liquid is filled in the container, and then ultra- 10 
sonic wave is applied to the container to deaerate bub- 
bles occurring in the inspection object (the system con- 
taining the contact lens insertion portion, the preserva- 
tion liquid and the contact lens). Thereafter, the visual 
inspection of the contact lens is performed. is 
[0021] In the visual inspection area determining step, 
the coordinate values of the position marks which are 
beforehand provided on the container are calculated 
twice at the time when the mask image is formed (at the 
mask-image forming time) and at the time when the in- 20 
spection object image is formed (at the object-image 
forming time), and the inspection object image or the 
mask image is enlarged, reduced, rotated or parallel dis- 
placed on the basis of the difference between these co- 
ordinate values calculated at the mask-image forming 2s 
time and the object-image forming time so that the in- 
spection object image and the mask image are over- 
lapped with each other. Thereafter, the mask image is 
subtracted from the inspection object image to obtain 
the subtracting image, and the area corresponding to 30 
the subtracting image is set as the visual inspection ar- 
ea. 

[0022] In the visual inspection step, the brightness in- 
formation which is obtained on pixel basis by the image 
pickup device is divided into plural data areas at prede- 35 
termined angular intervals, the brightness information is 
summed every area and a stamp range of marks and 
characters is detected on the basis of the sum result. 
[0023] Further, in the visual inspection step, the pe- 
riphery of the contact lens is extracted on the basis of 40 
the brightness information which is obtained on pixel ba- 
sis by the image pickup device, and the distance be- 
tween the extracted periphery and the center of the ex- 
tracted periphery is calculated every fixed angular inter- 
val to obtain distance values every fixed angular inter- 45 
val. Thereafter, the distance values thus obtained are 
averaged while varying the number of the distance val- 
ues used for the averaging (i.e., using the weighting av- 
erage method) to thereby obtain plural average values 
for the distance values in accordance with the respec- so 
tive number of distance values, and the peripheral dam- 
age of the contact lens is detected on the basis of the 
difference of the plural average values. 
[0024] The mask image forming step includes a mask 
image dilating step of dilating, by at least one pixel, the ss 
surrounding of the area which exists on the container 
and is unnecessary for the visual inspection of the con- 
tact lens. 



[0025] Furthermore, the visual inspection step in- 
cludes a step of dilating, by at least one pixel, the sur- 
rounding of the periphery of the contact lens which is 
cut out by the subtraction of the mask image from the 
inspection object image, thereby linking tile cut-out sur- 
rounding. 

[0026] The bottom portion of the contact lens insertion 
portion of the container may be designed in a spherical 
shape like a lens to converge illumination light. 

BRIEF DESCRIPTION OF THE DRAWINGS- 

[0027] 

Fig. 1 is a block diagram showing the construction 
of a contact lens visual inspection apparatus ac- 
cording to the present invention; 
Fig. 2 is a schematic diagram showing the shape of 
a container for a contact lens; 
Fig. 3 is a schematic diagram showing the external 
appearance of the contact lens; 
Fig. 4 is a diagram showing a container inspection 
stage; 

Fig. 5 is a block diagram showing an ultrasonic de- 
aerating device; 

Fig. 6 is a diagram showing a label check stage; 
fig. 7 is a block diagram showing an operation con- 
troller for controlling the operation of a'container in- 
spection unit, a contact lens inspection unit and a 
label check unit; 

Fig. 8 is a diagram showing the flow of a container 
inspection operation under light visual-field illumi- 
nation; 

Fig. 9 is a diagram showing a circumscribing rec- 
tangle; 

Fig. 1 0 is a diagram of a tabling example on the ba- 
sis of the circumscribing rectangle; 
Fig. 1 1 is a diagram showing a container quality 
judging mask, 

Fig. 12 is a diagram showing the flow of a contact 
lens inspection operation under bright field illumina- 
tion; 

Fig. 1 3 is a diagram showing the flow of a contact 
lens inspection operation under dark field illumina- 
tion; 

Fig. 1 4 is a graph showing variation of radius r with 
respect to angle 9 obtained by the extracted profile 
of the contact lens; 

Fig. 15 is a graph showing variation of radius r with 

respect to angle 8 when the values of radius r of Fig. 

14 are averaged every three values; 

Fig. 1 6 is a graph showing variation of radius r with 

respect to angle 6 when the values of radius r of Fig. 

14 are averaged every 9 values; 

Fig. 17 is a graph showing variation of radius r with 

respect to angle 6 when the values of radius r of Fig. 

14 are averaged every 27 values; 

Fig. 18 is a graph showing variation of radius r With 
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respect to angle 6 when the values of radius r of Fig. 

14 are averaged every 81 values; 

Fig. 19 is a graph showing variation of radius r with 

respect to angle 9 when the values of radius r of Fig. 

14 are averaged every 243 values; 

Fig. 20 is a diagram of logo mark, numeral detection 

mark; 

Fig. 21 is a graph showing variation of the number 
of pixels of predetermined brightness which are 
added every sector with respect to the position (an- 
gle 0) of plural sectors divided every predetermined 
angle; and 

Fig. 22 is a diagram showing the minimum distance 
and the maximum distance from the center of the 
contact lens to a defect, and the maximum angle 
and the minimum angle from a reference point to a 
soil or scratch. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] A preferred embodiment according to the 
present Invention will be described with reference to the 
accompanying drawings. 

[0029] Fig. 1 is a block diagram showing the construc- 
tion of a contact lens visual inspection apparatus ac- 
cording to the present invention. 
[0030] As shown in Fig. 1 , the contact lens visual in- 
spection apparatus 1 includes a container stock unit 3, 
a container feed-in unit 5, a container transferring table 
unit 7, a container inspection unit 9, a contact lens mount 
unit 11, a push-in/deaeration unit 13, a contact lens in- 
spection unit 1 5, a take-out unit 1 7, a container feeding 
line 19, an aluminum seal unit 21, a lid closing unit 23, 
a label affixing unit 25, a label check unit 27, a bar code 
reader 29 and a judging unit 31 . The contact lens visual 
inspection apparatus 1 serves to inspect the external 
appearance (that is, perform the visual inspection) of a 
container 33 comprising a contact lens insertion portion 
33a having a bottom surface which is designed in a 
spherical shape like lens, and a lid portion 33b as shown 
in Fig. 2, and to inspect the external appearance of a 
contact lens on which a logo mark, numerals and alpha- 
numeric characters are stamped as shown in Fig. 3. 
[0031] The container feed-in unit 5 serves to take out 
a container 33 from the container stock unit 3 in which 
plural containers 33 are stocked, and place the contain- 
er 33 on the container transferring table unit 7 with the 
lid portion 33b opened. On the container transferring ta- 
ble unit 7 can be placed plural (four) containers 33 at 
angular intervals of 90° . 

[0032] The container transferring table unit 7 compris- 
es a disc-shaped table having windows which are 
formed so as to confront the contact lens insertion por- 
tions 33a of the containers 33 arranged at angular inter- 
vals of 90° , and a table operating unit (not shown) for 
transferring the table. The table is rotated by every 90° 
using the table operating unit to successively feed the 



container 33 to the container inspection unit 9, the con- 
tact lens mount unit 11, the push-in/deaeration unit 13 
. and the contact lens inspection unit 15 in this order. 
[0033] The container inspection unit 9 serves to fill a 
5 predetermined amount of preservation liquid into the 
contact lens insertion portion 33a of the container 33 
placed in the container transferring table 7, and then in- 
spect the external appearance of the contact lens inser- 
tion portion 33a by the container inspection stage 35 (i. 

t° e. f perform the visual inspection for the container). As 
shown in Fig. 4, the container inspection stage 35 in- 
cludes a CCD camera 37 for obtaining brightness infor- 
mation on pixel basis at a gradation of 0 to 255, a lens 
39, a stroboscopic light source 41, a power source 43 

15 for the stroboscopic light source 41, a milky diffusion 
plate 45 for diffusing light from the stroboscopic light 
source 41, and a bright field/dark field illumination 
switching unit 47 for converting the light emitted from 
the stroboscopic light source 41 to light for bright field 

20 illumination or dark field illumination. 

[0034] The contact lens mount unit 1 1 serves to mount 
the contact lens on the contact lens insertion portion 33a 
so that the contact lens is floated on the preservation 
liquid filled in the contact lens insertion portion 33a. 

2S [0035] The push-in/deaeration unit 1 3 serves to push 
the contact lens floated on the preservation liquid onto 
the bottom portion of the contact lens insertion portion 
33a and deaerate bubbles occurring in this pushing op- 
eration by the ultrasonic deaerating device 49. 

30 [0036] The contact lens inspection unit 15 serves to 
inspect the external appearance of the contact lens 
placed in the contact lens insertion portion 33a by the 
contact lens inspection stage 55. The contact lens in- 
spection stage 55 has the same construction as the con- 

35 tainer inspection stage 35 shown in Fig. 4. 

[0037] The take-out unit 17 serves to take out to the 
aluminum seal unit 21 the container 33 and the contact 
lens placed in the container 33, which have been in- 
spected. 

40 [0038] The container feeding line 19 serves to suc- 
cessively feed the container 33 and the contact lens 
placed in the container 33 from the aluminum seal unit 
21 to the lid closing unit 23, the label affixing unit 25, the 
label check unit 27, the bar code reader 29 and the judg- 
es ing unit 31 in this order. 

[0039] The aluminum seal unit 21 serves to seal the 
contact lens insertion portion 33a with aluminum foil. 
The lid closing unit 23 serves to place the lid portion 33b 
of the container 33 on a predetermined portion of the 
50 contact lens insertion portion 33a side to close the lid. 
The label affixing unit 25 affixes onto the surface of the 
container 33 a label on which the specification, lot 
number, etc. of the contact lens placed in the container 
33 and bar codes thereof are printed. 
55 [0040] The label check unit 27 serves to inspect, with 
the label check stage 57, whether a label is affixed to 
the container 33, whetherthe position of the label affixed 
to the container 33 is within a permissible range and 
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whether the position of the specification, lot number, etc. 
of the contact lens which are printed on the label is within 
a permissible range. As shown in Fig. 6. the label check 
stage 57 includes a CCD camera 59 for obtaining bright- 
ness information on pixel basis at a gradation of 0 to 
255, a lens 61 , a lamp house 63 for emitting illumination 
light, and a illumination power source 65. 
[0041] The bar code reader 29 serves to read out bar 
codes of the container 33 fed on the container feeding 
line 19 to identify a manufacturing number, etc. of the 
contact lens placed in the container 33. 
[0042] The judging unit 31 serves to classify the con- 
tact lens placed in the container 33 into "good article" 
and "bad article" on the basis of the visual inspection 
result and the read-out result of the bar code reader 29, 
that is, it serves to judge whether the contact lens placed 
in the container 33 is "good" or "bad" (i.e., estimate the 
quality of the contact lens). 

[0043] As shown in Fig. 7, each of the container in- 
spection unit 9, the contact lens inspection unit 15 and 
the label inspection unit 25 commonly includes the in- 
spection controller 71 for controlling the operation of 
these units, the high-speed image processing unit 73 for 
performing image processing such as a binarizing, an 
affine transformation, etc. for pixel-based brightness in- 
formation which is obtained by each CCD camera 
37,37,59 in the following operations: <container inspec- 
tion under bright field illumination, dark field illumina- 
tion>, <contact lens inspection under bright field illumi- 
nation> and <contact lens inspection under dark field 
il!umination>, a display monitor 75 for displaying an im- 
age, and the console terminal unit 77 for setting a binary 
threshold value and outputting an image display com- 
mand to the inspection controller 71. The inspection 
controller 71 serves to take in data from the high-speed 
image processing unit 73 to judge (estimate) the quality 
of the container 33 and the contact lens, and supply an 
instruction to the judging unit 31 . 
[0044] Next, the whole operation of the contact lens 
visual inspection apparatus 1 thus constructed will be 
described hereunder. 

[0045] When an operator starts a visual inspecting op- 
eration, the container feed-in unit 5 takes out a container 
33 from the container stock unit 3 and places it on the 
container inspection unit 9 of the container transferring 
table 7. 

[0046] In the container inspection unit 9, the preser- 
vation liquid is fully filled into the contact lens insertion 
portion 33a of the placed container 33. Thereafter, the 
external appearance of the container 33 is inspected us- 
ing the container visual inspection stage 33. If the con- 
tainer 33 has a visual defect, its fact is informed (trans- 
mitted) from the inspection controller 71 to the judging 
unit 31 . Subsequently, the table is rotated by 90° by the 
container transferring table unit 7 to feed the container. 
33 to the contact lens mount unit 11 . 
[0047] In the contact lens mount unit 11, the contact 
lens is mounted in the contact lens insertion portion 33a 



of the container 33 so that the contact lens is floated on 
the preservation liquid which is filled in the contact lens 
insertion portion 33a. Thereafter, the table is further ro- 
tated by 90° by the container transferring table unit 7 to 

5 feed the container 33 to the push -in/deae ration unit 1 3. 
[0048] In the push -in/deae ration unit 13, the contact 
lens which is placed in the container 33 while floated on 
the preservation liquid is pushed in onto the bottom por- 
tion of the contact lens insertion portion 33a, and bub- 

io bles occurring in the preservation liquid are deaerated 
by the ultrasonic deaerator 49. Subsequently, the table 
is further rotated by 90* by the container transferring ta- 
ble unit 7. 

[0049] In the contact lens inspection unit 15, the ex- 
15 ternal appearance of the contact lens placed in the con- 
tact lens insertion portion 33a is inspected by the contact 
lens inspection stage 55. If the container 33 has a visual 
defect, its fact is transmitted from the inspection control- 
ler 71 to the judging unit 31. Thereafter, the inspected 
20 container 33 and the contact lens placed in the container 
33 are fed out to the aluminum seal unit 21 by the take- 
out unit 17. 

[0050] In the aluminum seal unit 21 , the contact lens 
insertion portion 33a is sealed with aluminum foil, and 

25 then the sealed container 33 is fed to the lid closing unit 
23 by the container feeding line 1 9. . 
[0051] In the lid closing unit 23, the lid portion 33b of 
the container 33 is put oh a predetermined portion of the 
contact lens insertion portion 33a to close the container 

30 33, and then the container 33 closed with the lid portion 
33b is fed to the label affixing unit 25 by the container 
feeding line 19. 

[0052] In the label affixing unit 25, a label on which 
the specification and lot number, etc. of the contact lens 
os placed in the container 33 are printed is affixed to the 
surface of the container 33, and then the container 33 
is fed to the label check unit 27 by the container feeding 
line 1 9. 

[0053] In the label check unit 27, it is checked whether 
the label is affixed on the container 33, whether the affix 
position of the label is within a permissible range and 
whether the print position of the label is within a permis- 
sible range. If the label has a defect, its fact is transmit- 
ted from the inspection controller 71 to the judging unit 

45 31 , and then the container 33 is fed to the bar code read- 
er 29 by the container feeding line 19. 
[0054] In the bar code reader 29, the bar code affixed 
to the container 33 is read out, and the read-out result 
is transmitted from the inspection controller 71 to the 

50 judging unit 31 . Thereafter, the container 33 is fed to the 
judging unit 31 by the container feeding line 19. 
[0055] In the judging unit 31 , the contact lens placed 
in the container 33 is classified into a good article and 
a bad article (that is, the quality of the contact lens is 

55 estimated) on the basis of the inspection result of the 
container inspection unit 9, the contact lens inspection 
unit 15 and the label check unit 27, and the read-out 
result of the bar code reader 29. Thereafter, the contain- 
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er 33 and the contact lens placed therein are fed out 
through the container feeding line 19 to the outside of 
the contact lens Visual inspection apparatus 1. 
[0056] Next, the visual inspection operation for the 
container 33 and the contact lens will be described. 
[0057] The visual inspection for the container 33 and 
the contact lens are performed using both of bright field 
illumination under which defects such as black soil, 
scratches, etc. are easily detected, and dark field illumi- 
nation under which defects such as white soil, scratch- 
es, etc. are easily detected. That is, in a first process 
(container inspecting process), an inspection object (i. 
e., container 33) is imaged by the CCD camera 37 under 
the bright field illumination and under the dark field illu- 
mination in a state where the preservation liquid is filled 
in the container 33. In this process, the center of gravity 
of the position marks is calculated, and a bright field 
mask pattern and a dark field mask pattern which are 
used as a mask, for preventing a defective portion of the 
container 33 from being erroneously detected as a de- 
fective portion of the contact lens are formed. Further, 
the external appearance of the container 33 is inspect- 
ed. Thereafter, in a second process (contact lens in- 
specting process), an inspection object (a combined 
system containing the container, the preservation liquid 
filled in the container and the contact lens placed in the 
container) is imaged by the CCD camera 37 under the 
bright field illumination while the liquid preservation liq- 
uid and the contact lens are provided in the container 
33. In this process, the center of gravity of the position 
marks are also calculated to positionally match the in- 
spection object in the first-process with that in the sec- 
ond process, and the defective portion of the container 
33 such as black soil, scratches, etc. is masked using 
the bright field mask pattern on the basis of the calcu- 
lated center of gravity of the position marks to detect 
defects such as black soil, scratches; etc. of the contact 
lens. Thereafter, the illumination is changed to the dark 
field illumination by the illumination switching unit 47, 
and the inspection object is imaged by the CCD camera 
37 under the dark field illumination. In this process, the 
defective portion of the container 33 such as the white 
soil, scratches, etc. is masked with the dark field mask 
pattern on the basis of the center of gravity of the posi- 
tion marks to detect the peripheral damage of the con- 
tact lens, a range (area) of the logo mark, the numerals 
and alphanumeric characters which are stamped on the 
contact lens, and the defects such as the white soil, 
scratches, etc, 

[0058] Next, each inspection operation will be de- 
scribed in detail. 

<Container Inspection under Bright Field illumination, 
Dark Field lllumination> 

[0059] The visual inspection operation of the contain- 
er 33 under the bright field illumination and the dark field 
illumination will be described with reference to a flow- 



chart of Fig. 8. 

[Position Mark Detecting Operation] 

5 [0060] First, an operation of detecting the position 
marks of the container 33 shown in Fig. 2 with the bright 
field illumination will be described. 
[0061] Upon start of the visual inspection operation of 
the contact lens, the inspection controller 71 instructs 

io the bright field/dark field illumination switching unit 47 
to change the illumination to the bright field illumination, 
whereby the current illumination is set to the bright field 
illumination. Thereafter, the preservation liquid is filled 
into the container 33, and the contact lens insertion por- 

*5 tion 33a is imaged by the CCD camera 37 to obtain a 
container original image (step ST1 ). At this time, the av- 
erage brightness of a predetermined center position is 
calculated because the illuminance of the bright field il- 
lumination may disperse, 

20 [0062] Thereafter, an averaging filter is applied to the 
container original image at a predetermined number of 
times to make the whole image vague, thereby obtaining 
a container averaged image (step ST3). The container 
original image is subtracted from the container aver- 

25 aged image to obtain a container-profile extracted im- 
age in which the defects such as the soil, scratches, etc. 
of the container 33, the position marks, the profile of the 
contact lens insertion portion 33a, etc. are extracted in 
white color (step ST5, ST7). 

30 [0063] The obtained container profile extracted image 
and a positioning mask which is used to detect the po- 
sition marks and beforehand stored are logically added 
with each other, and then the addition result is binarized 
with a threshold value which is calculated on the basis 

55 of the average illuminance of the center position, there- 
by obtaining a mark cut-out image (steps ST9, ST11). 
Through this operation, the brightness of the position 
marks and the profile portion of the contact lens insertion 
portion 33a is equal to "255", and the brightness of the 

^0 other portions is equal to "0". 

[0064] Thereafter, °255"-brightness portions of the 
mark cut-out image (which correspond to the position 
marks, the profile of the contact lens insertion portion 
33a) are successively numbered from the upper portion 

45 of the screen as shown in the step ST1 3 of Fig. 8, there- 
by performing a labelling operation (step ST13). In step 
ST13, numbers of 1 to B represent labelling numbers of 
the cut-out container profile extracted image and the po- 
sition mark extracted image. 

50 [0065] Subsequently, the "255"-brightness portion is 
circumscribed with a rectangle as shown in Fig. 9 to cal- 
culate the maximum value xmax in the x-direction, the 
minimum value xmin in the x-direction, the maximum 
value ymax in the y-direction and the minimum value 

55 ymin in the y-direction, and the width Wx in the x-direc- 
tion ant the width Wy in the y-direction of the circum- 
scribed rectangle is calculated on the basis of the above 
maximum and minimum values. In addition, the area 
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(number of pixels) of the "255 "-brightness portion is cal- 
culated These calculated values are tabled by allocat- 
ing the numbers to these values as shown in Fig. 10 
(step ST15): 

[0066] Thereafter, it is judged whether the width Wx, 
the width Wy and the area obtained through the above 
tabling are within predetermined ranges which are pre- 
set in correspondence with the position marks, respec- 
tively. If these are within the respective permissible 
ranges, the "255"-brightness portion having these val- 
ues is detected as a position mark. 
[0067] Subsequently, the coordinate of the center of 
gravity of the position mark is calculated on the basis of 
the width Wx and the width Wy of the position mark, and 
stored (step ST1 7). 

[Bright Field Mask Pattern, Dark Field Mask Pattern 
Forming Operation] 

[0068] Next, the mask pattern forming operation will 
be described. In the mask pattern forming operation, the 
defective portions of the container 33 such as the soil, 
the scratches, etc. of the container 33 are removed from 
the inspection object of the contact lens so that these 
defective portions are prevented from being erroneously 
judged as the soil, the scratch, etc. of the contact lens. 
First, an operation of forming a bright field illumination 
mask pattern using the bright field illumination will be 
described. 

[0069] The profile extracted image is subjected to the 
binarizing with the threshold value which is calculated 
on the basis of the average illuminance at the center 
portion as described above, thereby obtaining a defect 
detection binary image (step ST19). 
[0070] Thereafter, in consideration of an overlap error 
between the contact lens image and the mask pattern, 
the brightness of a portion which surrounds the "255"- 
brightness portion in the defect detection binary image 
and dilates outwardly by one pixel from the boundary of 
the "255"-brightness portion (this portion is hereinafter 
referred to as "surrounding portion") is converted from 
"0" to "255" by a spatial filter. With this conversion, the 
defective portion of the container 33 is outwardly dilated 
by at least one pixel, and the bright field mask pattern 
is formed and stored (step ST21 ). The mask area of the 
bright field mask pattern can be broadened in corre- 
spondence with the positioning precision for the (con- 
tainer + contact lens) image by increasing the frequency 
of execution of the dilating processing as described 
above. 

[0071] Further, a dark field mask pattern is also 
formed and then stored like the bright field mask pattern 
forming operation. With respect to the dark field illumi- 
nation, no detection of the position marks is carried out, 
and the data obtained under the bright field illumination 
are also used in this case. Further, with respect to the 
dark field illumination, inversely to the bright field illumi- 
nation, the container averaged image is subtracted from 



the container original image to obtain a container profile 
extracted image in which the defects such as the soil, 
the scratches, etc. of the container 33, the position 
marks, the profile of the contact lens insertion portion 

5 33a, etc. are extracted in white color. The container pro- 
file extracted image is subjected to the binarizing with a 
predetermined threshold value to obtain a defect detec- 
tion binary image. For the darkfield illumination, the con- 
tainer averaged image is subtracted from the container 

io original image inversely to the bright field illumination, 
and thus like the defect detection binary image under 
the bright field illumination, the defect detection binary 
image under the dark field illumination has the defective 
portion of "255"-brightness and the other portions of "0"- 

75 brightness. 

[Quality (good or bad) Judging Operation of Container] 

[0072] Next, the quality judging operation of the con- 

20 tainer 33 will be described. 

[0073] A container quality (good or bad) judging mask 
as shown in Fig. 11 is beforehand stored to inspect only 
the center portion of the container 33. The profile ex- 
tracted image under the bright field illumination and the 

25 container quality judging mask are added to obtain an 
image corresponding to only the center portion of the 
container 33, and then the image is binarized (steps 
ST23, ST25). Subsequently, the number of pixels for a 
portion whose brightness is set to "255" due to the soil, 

30 the scratches or other defect is calculated on the basis 
of the image. Likewise, for the darkfield illumination, the 
number of pixels for a portion whose brightness is set 
to "255" due to the soil, the scratch or other defect is 
calculated. If these pixel numbers exceed predeter- 

?5 mined values, the quality is judged to be bad (step 
ST27). 

[Contact Lens Inspection under Bright Field Illumination] 

40 [0074] Next, the visual inspection operation of the 
contact lens under the light visual illumination will be de- 
scribed with reference to a flowchart of Fig. 12. 



45 



[Position Mark Detecting Operation] 



[0075] First, the position mark detecting operation will 
be described. 

[0076] The inspection control unit 71 outputs an in- 
struction for changing the illumination to the bright field 
50 illumination, and with this instruction the illumination is 
set tothe bright field illumination. Subsequently, the con- 
tact lens insertion portion 33a is imaged by the CCD 
camera 37 to obtain a contact lens original image (step 
ST31). At this time, the average brightness at a prede- 
55 termined center portion is obtained because the illumi- 
nance of the bright field illumination is dispersed. 
[0077] Thereafter, the inspection controller 71 applies 
an averaging filter to the contact lens original image at 
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a predetermined number of times to make the whole im- 
age vague, thereby obtaining a contact lens averaged 
image (step ST3). The contact lens original image is 
subtracted from the contact lens averaged image to ob- 
tain a contact lens profile extracted image in which the 
defects such as the soil, scratches, etc. of the contact 
lens, the position marks, the profile of the contact lens 
insertion portion 33a, etc. are extracted as white color 
(steps ST35, ST37). 

[0078] Thereafter, the obtained contact lens profile 
extracted image and a positioning mask which is used 
to detect the position marks and beforehand stored are 
logically added with each other, and then the addition 
result is binarized with a threshold value which is calcu- 
lated on the basis of the average illuminance of the cent- 
er portion; thereby obtaining a mark cutout image 
(steps ST39, ST41 ). Thereafter, the mark cut-out image 
is labelled as shown in step ST43 of Fig. 12 and then 
tabled on the basis of the label (steps ST43, ST45) to 
calculate the coordinate of the center of gravity of the 
position mark like the position mark detecting operation 
(step ST47). 

[Contact Lens Defect Detecting Operation] 

[0079] Next, the contact lens defect detecting opera- 
tion under the bright field illumination will be described. 
[0080] First, the bright field mask pattern and the co- 
ordinate of the center of gravity of the position marks 
thereof (hereinafter referred to as "gravity-center coor- 
dinate") which are stored are read out (step ST49). In 
order to match the read-out gravity-center coordinate 
with the gravity-center coordinate which is calculated on 
the basis of the contact lens original image, the enlarg- 
ing, reducing, rotating and parallel displacing process- 
ing is conducted on the bright field mask pattern by the 
affine transformation (step ST51). 
[0081] The subtraction processing is conducted on 
the profile extracted image as described above and the 
bright field mask pattern which is subjected to the en- 
larging, reducing, rotating and parallel<iisplacing 
processing, thereby obtaining a subtracting image 
(steps ST53, ST55). The subtracting image is binarized 
to obtain a binary image (step ST57). Through this proc- 
ess, the defects such as the soil, scratch, etc. of the con- 
tainer 33, the profile of the contact lens insertion portion 
33a and the position mark portion are removed from the 
inspection object. 

[0082] At this time, the mask portion of the bright field 
mask pattern is. set to "255" in brightness, and in the 
profile extracted image, the defects such as the soil, 
scratch, etc. of the container 33, the profile of the contact 
lens insertion portion 33a and the position mark portion 
are also set to "255" in brightness. Therefore, if the dif- 
ference value between the bright field mask pattern and 
the profile extracted image is subjected to such a bina- 
rizing processing that the brightness below "20" is au- 
tomatically set to "0", the defects such as the soil, 



scratches; etc. of the container 33, the profile of the con- 

- tact lens insertion portion 33a and the position mark por- 
tion are automatically set' to "0" in brightness. Accord- 
ingly the defects such as the soil, scratches, etc. of the 

5 container 33, the profile of the contact lens insertion por- 
tion 33a and the position mark portion can be removed 
from the inspection object Thereafter, the subtracting 
image is binarized to obtain the binary image, and the 
binary image is subjected to the labelling process as 

*0 shown in step ST59 of Fig. 12, and then to the tabling 
process (steps ST59, ST61). On the basis of the table 
thus obtained, the quality judgment (judgment on "good" 
or "bad") for the contact lens under the bright field illu- 
mination is performed in the same manner as the quality 

'5 judgment for the container 33 (step ST63). 

[0083] Since characters such as the logo mark, the 
numerals and the alphanumeric characters are not de- 
tected under the bright field illumination, it is unneces- 
sary to remove the range of these characters from the 

20 inspection object. However, if these characters are de- 
tected even under the bright field illumination, the 
processing of removing the range of these characters 
from the inspection object is performed in the same 
manner as described above. In the steps ST55, ST57 

25 and ST59, the profile of the contact lens is not actually 
detected, however, it is illustrated for convenience sake. 

<Contact Lens Inspection under Dark Field 
lllumination> 
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[0084] Next, the contact lens visual inspection opera- 
tion under the dark field illumination will be described 
with reference to a flowchart of Fig. 13. 

[Contact Lens Peripheral Defect Detecting Operation] 



[0085] The contact lens peripheral defect detecting 
operation under the dark field illumination will be first 
described. 

40 [0086] The inspection controller 71 outputs an instruc- 
tion of switching the illumination to the dark field illumi- 
nation to the bright field/dark field illumination switching 
unit 47, whereby the current illumination is set to the 
darkfield illumination. Thereafter, the inspection control- 

45 ler 71 controls the CCD camera 37 to image the contact 
lens insertion portion 33a of the container 33, thereby 
obtaining a contact lens original image (step ST71 ), and 
then applies an averaging filter to the contact lens orig- 
inal image at a predetermined number of times to obtain 

50 a contact lens averaged image which is made vague as 
a whole (step ST73). 

[0087] Thereafter, the contact lens averaged image is 
subtracted from the contact lens original image to obtain 
a contact lens profile extracted image in which the de- 
55 fects such as the soil, scratches, etc. of the contact lens, 
the position marks, the profile of the contact lens inser- 
tion portion 33a, etc. are extracted in white color (steps 
ST75, ST77). 
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[0088] Subsequently, the dark field mask pattern and 
the gravity-center coordinate of the position marks 
which are stored are read out (step ST79), and then the 
enlarging, reducing, rotating and parallel-displacing 
processing is conducted on the dark field mask pattern 
by the affine transformation to match the read-out grav- 
ity-center coordinate with the gravity-center coordinate 
which is calculated on the basis of the contact lens orig- 
inal image (step ST81). 

[0089] Thereafter, the substraction processing is con- 
ducted on the profile extracted image and the dark field 
mask pattern which is subjected to the enlarging, reduc- 
ing, rotating and parallel-displacing processing to obtain 
a subtracting image (steps ST83, ST85), and then bina- 
rized to obtain a binary image (step ST87). Through this 
process, the defects such as the soil, scratches, etc. off 
the container 33, the profile of the contact lens insertion 
portion 33a and the position mark portion are removed 
from the inspection object. 

[0090] At this time, when the mask portion of the dark 
field mask pattern is overlapped with the profile portion 
of the contact lens in the binarized image, the profile of 
the contact lens is cut out because of the subtraction 
processing of the profile extracted image and the dark 
field mask pattern which is subjected to the enlarging, 
reducing, rotating and parallel-displacing processing. 
Therefore, the binary image is subjected to the dilating 
processing as used to form the bright field mask pattern 
and the dark field mask pattern to connect the cut-out 
profile (step ST89). 

[0091] Through the dilating processing, the profile is 
dilated in both of the x-direction and y-direction. There- 
fore, the image having the dilated profile and the profile 
extracted image are added with each other to obtain a 
profile-linked image in which the profile is linked (steps 
ST91, ST93). 

[0092] The profile- linked image is binarized to obtain 
a binary image (step ST95). The binary image thus ob- 
tained is subjected to the labelling process as shown in 
step ST99 of Fig. 13, and then subjected to the tabling 
process (steps ST97, ST99). 

[0093] At this time, since the binary image contains 
the profile portion of the contact lens, the circumscribing 
rectangle corresponding to the profile portion of the con- 
tact lens is larger than the circumscribing rectangles cor- 
responding to the scratch, etc., and its size is fixed. 
Therefore, only the profile of the contact lens can be ex- 
tracted on the basis of the size of the circumscribing rec- 
tangle to obtain the contact lens profile image (step 
ST101). In a polar coordinate with an origin according 
a center of the profile, a radius and an azimuth are cal- 
culated with respect to all pixels of the profile. Thereaf- 
ter, the radius r of 480 points is calculated every 0.75° 
on the basis of the extracted profile. 
[0094] In order to emphasize the peripheral defect, 
the values of the radius r are averaged by a weighting 
averaging method on the basis of 3 values, 9 values, 27 
values, 81 values and 243 values, respectively. 



[0095] For example, it is assumed that the values of 
the radius r as shown in Fig. 14 is obtained for the angle 
6. In this case, the variation of the radius r obtained when 
the values of the radius r are averaged every 3 values 
5 (hereinafter referred to as "3-values averaging") is 
shown in Fig. 15, the variation for the averaging every 
9 values (9-values averaging) is shown in Fig. 16, the 
variation for the averaging every 27 values (27 -values 
averaging) is shown in Fig. 1 7, the variation for the av- 
*0 eraging every 81 values (81 -values averaging) is shown 
in Fig. 18, and the variation for the averaging every 243 
values (243-values averaging) is shown in Fig. 1 9. 
[0096] At this time, if a defect occurs in a narrow 
range, the defect is further emphasized by calculating 
*5 the difference between the averaged values obtained 
by the 3-values averaging and the 9-values averaging 
and the difference between the. averaged values ob- 
tained by the 3-values averaging and the 27-values av- 
eraging. On the other hand, if a defect occurs in a broad 
20 range as shown at the right side of Fig. 1 4, the defect is 
further emphasized by calculating the difference be- 
tween the averaged values obtained by the 9Tvalues av- 
eraging and the 27 -values averaging and the difference 
between the averaged values obtained by 9-values av- 
25 eraging and the 81 -values averaging. Further, if a defect 
occurs in a broader range, the defect is further empha- 
sized by calculating the difference between the aver- 
aged values obtained by the 27-values averaging and 
the 81 -values averaging, the difference between the av- 
30 eraged valued obtained by the 27-values averaging and 
the 243-values averaging and the difference between 
the averaged values obtained by the 81 -values averag- 
ing and the 243-values averaging. 
[0097] If these emphasized defects exceed a prede- 
55 termined value, these defects are judged to be bad (step 
ST103). 

[Detection of Logo mark/Numerals and Alphanumeric 
characters, and contact lens Defect Detecting 
40 Operation] 

[0098] Next, the detection of the logo mark, the nu- 
merals and the alphanumeric characters of the contact 
lens and the inspecting operation for the defects such 

45 as the soil, foreign matters, scratches, breakage, pe- 
ripheral damage, etc. of the contact lens using the dark 
field illumination will be described. First, the substraction 
is made between the contact lens profile image and the 
binary image from which the defects such as the soil, 

50 scratches, etc, of the container 33, the profile of the con- 
tact lens insertion portion 33a and the position mark por- 
tion are removed, thereby obtaining a profile-removed 
image in which the profile of the contact lens is removed 
(steps ST105, ST107). 

55 [0099] At this time, the positions at which the logo 
mark, the numerals and tile alphanumeric characters 
are stamped are predetermined, so that a donut-shaped 
mask for detecting the logo mark, the numerals and the 
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alphanumeric characters is beforehand provided as 
shown in Fig. 20 to extract the brightness of only the 
above positions. 

[0100] With the dark field mask pattern, the image in 
which the defects such as the soil, scratches, etc. of the s 
container 33 and the profile of the contact lens are re- 
moved from the inspection object is logically added with 
the mask for detecting the logo mark and the alphanu- 
meric characters. The result is divided into plural sectors 
every predetermined angle, and the number of pixels 10 
whose brightness is set to "255" is summed every sector 
(stepST109). 

[0101] Fig. 21 is a graph showing the summed pixel 
number with the position (angle 9) of each sector. From 
this graph, an angle ea ranging from the logo mark to is 
the last numeral and an angle 6b covering the alphanu- 
meric characters shown in Fig. 22 can be known (only 
the portion of the angle 0a is illustrated in Fig. 21 ). since 
the pixel number of the logo mark is different from the 
predetermined number, whether the logo mark is 20 
stamped or not and the stamp position of the logo mark 
can be known (step ST111), 

[0102] Thereafter, the labelling is conducted on the 
contact lens profile-removed image, and then the tabling 
is conducted (steps ST113, ST115). At this time, the 2s 
minimum distance Rmin and the maximum distance 
Rmax from the center to the defect, the minimum angle 
Gmin and the maximum angle Gmax from the reference 
point to the defect, and the average brightness of the 
defect are added to the table as shown in Fig. 22. 30 
[0103] Here, the profile-removed image contains the 
logo mark, the numerals and the alphanumeric charac- 
ters. Therefore, any matter which exists within the angle 
6a ranging from the logo mark to the last numeral ("5" 
in Fig. 22) or within the angle Gb covering the alphanu- 35 
meric characters, is judged as the logo mark, a numeral 
or an alphanumeric character, and thus removed from 
the inspection defective object. 
[0104] If the area, the width Wx, the width Wy and the 
average density of the defect such as the soil, scratch 40 
or the like are above predetermined values, it is judged 
to be bad (step ST117). 

[0105] If the "bad" quality is judged through the con- 
tainer quality judgment, the contact lens quality judge- 
ment under the bright field illumination and the contact 45 
lens quality judgment under the dark field illumination, 
the images of the "bad" quality are stored. In this case, 
the operator can see the images of the defective sam- 
ples after the contact lens visual inspection. 
[01 06] As described above, according to this embod- so 
iment, the container 33 is first imaged by the CCD cam- 
era 37 while fully filled with the preservation liquid using 
as the illumination, the bright field illumination under 
which defects such as the black soil, scratches, etc. are 
easily detected, and the dark field illumination under ss 
which defects such as white soil, scratches, etc. are eas- 
ily detected, and the center of gravity of the position 
marks is calculated. In addition, in order to prevent the 



defective portion such as the soil, -scratch, etc. of the 
container 33 from being erroneously detected as the de- 
fective portion such as the soil, scratch, etc. of the con- 
tact lens, the bright field mask pattern and the dark field 
mask pattern are prepared, and then the external ap- 
pearance of the container 33 is inspected. Thereafter, 
the contact lens is placed in the container 33 filled with 
the preservation liquid, and then imaged by the CCD 
camera 37 under the bright field illumination, and the 
center of gravity of the position marks is calculated. Fur- 
ther, the defective portion such as the black soil, scratch, 
etc. of the of the container is masked with the bright field 
mask pattern on the basis of the center of gravity of the 
position marks to detect the defects such as the black 
soil, scratches, etc. of the contact lens. Thereafter, the 
illumination is switched to the dark field illumination, and 
the contact lens is further imaged by the CCD camera 
under the dark field illumination. The defective portion 
such as the white soil, scratch, etc. of the container 33 
is masked with the dark field mask pattern on the basis 
of the center of gravity of the position marks to detect 
the peripheral defect of the contact lens, the range of 
the logo mark, the numerals and the alphanumeric char- 
acters stamped on the contact lens and the defects such 
as the white soil, scratches, etc. of the contact lens. 
[0107] Accordingly, the defects such as the soil, for- 
eign matters, scratches, breakage, peripheral damage, 
etc. of the contact lens can be detected while the contact 
lens is placed in the contact lens insertion portion 33a 
of the container 33 which is filled with the preservation 
liquid. 

[01 08] In the contact lens visual inspection apparatus 
1 of this embodiment, no restriction is imposed on the 
kind of the contact lens, and the visual inspection under 
the condition that the contact lens is placed in the con- 
tainer can be performed irrespective of the kind of the 
contact lens (soft contact lens, hard contact lens). Fur- 
ther, the contact lens visual inspection method and ap- 
paratus according to this invention is applicable to not 
only the contact lenses, but also other types of eye lens- 
es such as in-eye lenses, etc. 
[01 09] According to the contact lens visual inspection 
method and apparatus of this invention, the container is 
imaged by the imaging device while the preservation liq- 
uid is filled in the contact lens insertion portion of the 
container, and the center of gravity of the position marks 
are calculated. In addition, an area which is unneces- 
sary to perform the visual inspection of the contact lens 
placed on the container is extracted from the image of 
the container to obtain a mask image. Thereafter, the 
system containing the container filled with the preserva- 
tion liquid and the contact lens placed in the contact lens 
insertion portion of the container (that is, the combina- 
tion state of the container, the contact lens and the pres- 
ervation liquid) is imaged as an inspection object by the 
imaging device to obtain an inspection object image. 
The inspection object image is overlapped with the 
mask image to subtract the mask image from the inspec- 
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term in ed positions of the container, and said visual 
inspection area determining step comprises the 
steps of: calculating the coordinate value of each 
position mark both at the forming time of the mask 

5 image and at the forming time of the inspection ob- 
ject image; enlarging, reducing, rotating and paral- 
lel-displacing the inspection object image or the 
mask image on the basis of the difference between 
the coordinate values of the position mark calculat- 

10 ed at the image-forming times so that the inspection 
object image and the mask image are overlapped 
with each other, subtracting the mask image from 
the inspection object image to obtain the subtract- 
ing image, and setting as the visual inspection area. 

15 the area corresponding to the subtracting image. 

4. The contact lens visual inspection method as 
claimed in claim 1 , wherein a mark and characters 
are stamped at predetermined positions on the con- 

20 tact lens so as to be concentrically arranged, and 
the mark and the characters are imaged by the im- 
aging device to detect the positions of the mark and 
the characters, and wherein said visual inspection 
step, comprises the steps of dividing brightness in- 

25 formation obtained on pixel basis by the imaging de- 
vice into plural areas at predetermined angular in- 
tervals; summing the brightness information every 
area; and detecting a) stamp range of the mark and 
the characters on the basis of the sum result. 

30 

5. The contact lens visual inspection method as 
claimed in claim 1, wherein said visual inspection 
step comprises the steps of: extracting the periph- 
ery of the contact lens on the basis of the brightness 

& information which is obtained on pixel basis by the 
imaging device; calculating the distance between 
the extracted periphery and the center of the con- 
tact lens every fixed angular interval to obtain plural 
distance values at fixed angular intervals; perform- 

40 jng a weighting average method in which an aver- 
age value of the obtained distance values is calcu- 
lated while varying the number of the distance val- 
ues used for the averaging to obtain plural average 
values of the obtained distance values in accord- 

45 ance with the number of the distance values; and 
detecting a peripheral damage of the contact lens 
on the basis of the difference of the plural average 
values. 

50 6. The contact lens visual inspection method as 
claimed in claim 1 , wherein said mask image form- 
ing step comprises the step of dilating, by at least 
one pixel, the surrounding of the area which exists 
on the container and is unnecessary for the visual 

55 inspection of the contact lens. 



tion object image and set the area of the obtained sub- 
tracted image as an visual inspection area, the defects 
such as soil, foreign matters, scratches, breakage, pe- 
ripheral damages, etc. are detected for the visual in- 
spection area. 

[0110] Therefore, the contact lens visual inspection 
can be performed while the contact lens and the pres- 
ervation liquid are provided in the contact lens insertion 
portion of the container, so that the visual inspection 
process can be rapidly performed without damaging 
(soiling, scratching, etc.) the contact lens during the vis- 
ual inspection process. 



Claims 

1 . A method for inspecting the external appearance of 
a contact lens immersed in preservation liquid, 
comprising the steps of: 

imaging a contact lens insertion portion of a 
contact lens insertion container by an imaging 
device and then extracting from the image of 
the contact lens insertion portion an area which 
locates on the container and is unnecessary for 
the visual inspection of a contact lens, thereby 
forming a mask image corresponding to the ex- 
tracted area; 

imaging, as an inspection object, a system con- 
taining the contact lens insertion portion of the 
container, the preservation liquid filled in the 
contact lens insertion portion and the contact 
lens placed in the contact lens insertion portion 
by the imaging device to obtain an inspection 
object image, overlapping the inspection object 
image with the mask image, and subtracting the 
mask image from the inspection object image 
to set as a visual, inspection area the area cor- 
responding to a subtracting image obtained by 
said subtracting step; and 
detecting defects of the contact lens such as 
soil, foreign matters, scratches, breakage, pe- 
ripheral damage for the visual inspection area, 
thereby performing the visual inspection of the 
contact lens. 

2. The contact lens visual inspection method as 
claimed in claim 1, further comprising the step of, 
between said mask image forming step and said 
visual inspection area determining step, inserting 
the contact lens into the container in. a state where 
the preservation liquid is filled in the container and 
then applying ultrasonic wave to the container to de- 
aerate bubbles occurring in the inspection object. 

3. The contact lens visual inspection method as 
claimed in claim 1 , wherein at least two position 
marks for position detection are provided at prede- 



7. The contact lens visual inspection method as 
claimed in claim 1 , wherein said visual inspection 



12 



23 



EP 0 660 098 B1 



24 



step comprises the step of dilating, by at least one 
pixel, the surrounding of the periphery of the contact 
lens which is cut out due to the subtraction of the 
mask image from the inspection object image in 
said visual inspection area determining step, there- s 
by linking the cut-out surrounding. 

A visual inspection apparatus for inspecting the ex- 
ternal appearance of a contact lens immersed in 
preservation liquid including mask image forming 10 
means for imaging a contact lens insertion portion 
of a contact lens insertion container using an imag- 
ing device and then extracting from the obtained im- 
age an area which exists on a container and is un- 
necessary for the visual inspection of a contact lens is 
to form a mask image corresponding to the extract- 
ed area, visual inspection area determining means 
for imaging, as an inspection object, a system con- 
taining the contact lens insertion portion of the con- 
tainer, the preservation liquid filled in the contact 20 
lens insertion portion and the contact lens placed in 
the contact lens insertion portion using the imaging 
device to obtain an inspection object image, over- 
lapping the inspection object image with the mask 
image, and subtracting the mask image from the in- 25 
spection object image to set as a visual inspection 
area the area corresponding to a subtracting image, 
and visual inspection means for detecting defects 
of the contact lens such as soil, foreign matters, 
scratch, breakage, peripheral damage for the visual 30 
inspection area. 

The contact lens visual inspection apparatus as 
claimed in claim 8, wherein the bottom portion of 
the contact lens insertion portion of the container is 35 
designed in a spherical shape. 



10. The contact lens visual inspection apparatus as 
claimed in claim 8, wherein the imaging operation 
of the imaging device is carried out under a bright 
field illumination for detecting back defects, and a 
dark field illumination for detecting white defects, 
and marks and characters which are stamped on 
the contact lens. 



Patentanspruche 

1 . Verfahren zum Untersuchen des externen Erschei- 
nungsbilds einer Kontaktlinse, die in eine Konser- 
vierungsflussigkeit eingetaucht ist, umfassend die 
folgenden Schritte: 



Abbilden eines Kontaktlinsen-Einfugungsab- 
schnitts eines Kontaktlinsen-Einfugungsbehal- 55 
ters mit einer Abbildungseinrichtung und dann 
Extrahieren eines Bereichs, der sich auf dem 
Behalter befindet und fur die visuelle Untersu- 
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45 



50 



chung einer Kontaktlinse nicht erforderlich ist, 
ausdem Bilddes Kontaktlinsen-Einfugungsab- 
schnitts, wodurch ein Maskenbild gebildet wird, 
das dem extrahierten Bereich entspricht; 

Abbilden, als ein Untersuchungsobjekt, eines 
Systems, das den Kontaktlinsen-Einfugungs- 
abschnitt des Behalters, die Konservierungs- 
flOssigjkeit, die in den Kontaktlinsen-Einfu- 
gungsabschnitt gefQIlt ist, und die Kontaktlinse, 
die in den Kontaktlinsen-Einfugungsabschnitt 
plaziert ist, enthalt, durch die Abbildungsein- 
richtung, urn ein Untersuchungsobjektbild zu 
erhalten, Uberlappen des Untersuchungsob- 
jektbilds mit dem Maskenbild und Subtrahieren 
des Maskenbilds von dem Untersuchungsob- 
jektbild, urn den Bereich, der einem subtrahter- 
ten Bild entspricht, das von dem Subtraktions- 
schritt erhalten wird, als einen visuellen Unter- 
suchungsbereich einzustellen; und 

Erfassen von Defekten in der Kontaktlinse, wie 
Schmutz, Fremdmaterien, Kratzer, einen 
Bruch, eine Periperiebeschadtgung fur den vi- 
suellen Untersuchungsbereich, wodurch die vi- 
suelle Untersuchung der Kontaktlinse ausge- 
fuhrt wird. 

Visuelles Untersuchungsverfahren fur eine Kon- 
taktlinse nach Anspruch 1 , ferner umfassend den 
Schritt, bei dem zwischen dem Maskenbild-Bil- 
dungsschritt und dem Bestimmungsschritt des vi- 
suellen Untersuchungsbereichs die Kontaktlinse in 
den Behalter in einem Zustand eingefugt wird, bei 
dem die Konservierungsflussigkeit in den Behalter 
gefullt ist, und dann eine Ultraschallwelle an den 
Behalter angelegt wird, urn Blasen, die in dem Un- 
tersuchungsobjekt auftreten, zu entluften. 

visuelles Untersuchungsverfahren fur eine Kon- 
taktlinse nach Anspruch 1 , 
dadurch gekennzeichnet, daG wenigstens zwei 
Positionsmarkierungen fur eine Positionserfassung 
an vorgegebenen Positionen des Behalters vorge- 
sehen sind, und der Bestimmungsschritt fur den vi- 
suellen Untersuchungsbereich die folgenden 
Schritte umfaBt: Berechnen des Koordinatenwerts 
jeder Positionsmarkierung sowohl zu derZeit einer 
Bildung des Maskenbilds als auch zur Zeit einer Bil- 
dung des Untersuchungsobjektbilds; VergroBern, 
Verkleinem, Drehen und Parallelverschieben des 
Untersuchungsobjektbilds oder des Maskenbilds 
auf Grundlage der Differenz zwischen den Koordi- 
natenwerten der Positionsmarkierung, die bei den 
Bild-Bildungszeiten berechnet wird, so daG das Un- 
tersuchungsobjektbild Und das Maskenbild mitein- 
ander uberlappt werden, Subtrahieren des Masken- 
bilds von dem Untersuchungsobjektbild, um das 
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subtrahierte Bild zu erhalten, und Einstellen des Be- 
reichs, der dem subtrahierten Bild entspricht, als 
den visuellen Untersuchungsbereich. 

4. Visuelles Untersuchungsverfahren fur eine Kon- s 
taktlinse nach Anspruch 1, 

dadurch gekennzelchnet, daB eine Markierung 
und Zeichen an vorgegebenen Positionen auf der 
Kontaktlinse so aufgestempett werden, daB sie 
konzentrisch angeordnet sind, und die Markierung 10 
und die Zeichen von der Abbildungseinrichtung ab- 
gebildet werden, um die Positionen der Markierung 
und der Zeichen zu erfassen, und wobei der visuelle 
Untersuchungsschritt die folgenden Schritte um- 
faBt: Aufteilung von Helligkeitsinformation, die von is 
der Abbildungseinrichtung auf einer Pixelbasis er- 
halten wird, in mehrere Bereiche an vorgegebenen 
Winkelintervallen; Aufsummieren der Helligkeitsin- 
formation in jedem Bereich; und Erfassen eines 
Stempelbereichs der Markierung und der Zeichen 20 
auf Grundlage des Summationsergebnisses. 

5. Visuelles Untersuchungsverfahren fur eine Kon- 
taktlinse nach Anspruch 1, 

dadurch gekennzelchnet, daB der visuelle Unter- 25 
suchungsschritt die folgenden Schritte umfaBt: Ex- 
trahieren des Umfangs der Kontaktlinse auf Grund- 
lage der Helligkeitsinformation, die von der Abbil- 
dungseinrichtung auf einer Pixelbasis erhalten 
wird; Berechnen des Abstands zwischen dem ex- 30 
trahierten Umfang und der Mitte der Kontaktlinse in 
jedem festen Win kel interval! , um mehrere Ab- 
standswerte bei festen Winkelintervallen zu erhal- 
ten; Ausfuhrung eines Gewichtungs-Mittelungsver- 
fahrens, bei dem ein Durchschnittswert der erhalte- 35 
nen Abstandswerte berechnet wird, wan rend die 
Anzahl der fur die Mittelung verwendeten Ab- 
standswerte verandert wird, um mehrere Durch- 
schnittswerte der ermitteften Abstandswerte ge- 
maB der Anzahl der Abstandswerte zu ermitteln; 40 
und Erfassen einer Umfangsbeschadigung der 
Kontaktlinse auf Grundlage der Differenz der meh- 
reren Durchschnittswerte. 

6. Visuelles Untersuchungsverfahren fur eine Kon- 45 
taktlinse nach Anspruch 1, . 

dadurch gekennzelchnet, daB der Maskehbild- 
Bildungsschritt denSchritt umfaBt, bei dem die Um- 
gebung des Bereichs, der auf dem Behalter existiert 
und fur die visuelle Untersuchung der Kontaktlinse so 
nicht erforderlich ist, um wenigstens einen Pixel 
verdunnt wird. 

7. Visuelles Untersuchungsverfahren fur eine Kon- 
taktlinse nach Anspruch 1 , ss 
dadurch gekennzelchnet, daB der visuelle Unter- 
suchungsschritt den Schritt umfaBt, bei dem die 
Umgebung des Umfangs der Kontaktlinse, der auf- 



grund der Subtraktion des Maskenbilds von dem 
Untersuchungsobjektbild in dem Bestimmungs- 
schritt fur den visuellen Untersuchungsbereich um 
wenigstens ein Pixel verdunnt wird, wodurch die 
herausgeschnittene Umgebung verbunden wird. 

8. Visuelle Untersuchungsvorrichtung zum Untersu- 
chen des externen Erscheinungsbild einer Kontakt- 
linse, die in einer Konservierungsflussigkeit einge- 
taucht ist, mit einer Maskenbild-Bitdungseinrich- 
tung zum Abbilden eines Kontaktlinsen-Einfu- 
gungsabschnitts eines Kontaktlinsen-Einfugungs- 
behalters unter Verwendung einer Abbildungsein- 
richtung und dann zum Extrahieren eines Bereichs, 
der auf einem Behalter existiert und fur die visuelle 
Untersuchung einer Kontaktlinse nicht erforderlich 
ist, aus dem ermittelten Bild, um ein Maskenbild zu 
bilden, das dem extrahierten Bereich entspricht, ei- 
ner Bestimmungseinrichtung fur einen visuellen 
Untersuchungsbereich, um ein System, das den 
Kontaktlinsen-Einfugungsabschnitt des Behalters, 
die in den Kontaktlinsen-Einfugungsabschnitt ge- 
fullte Konservierungsflussigkeit und die in den Kon- 
taktlinsen-Einfugungsabschnitt plazierte Kontakt- 
linse enthalt, unter Verwendung der Abbildungsein- 
richtung als ein Untersuchungsobjekt abzubilden, 
um ein Untersuchungsobjektbild zu erhalten; Llber- 
lappen des Untersuchungsobjektbilds mit dem 
Maskenbild, und Subtrahieren des Maskenbilds 
von dem Untersuchungsobjektbild, um einen visu- 
ellen Untersuchungsbereich einzustellen, wobei 
der Bereich einem subtrahierten Bild entspricht, 
und eine visuelle Untersuchungseinrichtung zum 
Erfassen von Defekten der Kontaktlinse, wie 
Schmutz, Fremdmaterien, Kratzer, einen Bruch, ei- 
ne Umfangsbeschadigung des visuellen Untersu- 
chungsbereichs. 

9. Vorrichtung zur visuellen Untersuchung einer Kon- 
taktlinse nach Anspruch 8, 

dadurch gekennzelchnet, daB der Bodenab- 
schnitt des Kontaktlinsen-Einfugungsabschnitts 
des Behalters in eine kugetformige Gestalt ausge- 
legt ist. 

10. Vorrichtung zur visuellen Untersuchung einer Kon- 
taktlinse nach Anspruch 8, 

dadurch gekennzelchnet, daB der Abbildungsbe- 
trieb der Abbildungseinrichtung unter einer Hel If eld- 
beleuchtung zum Erfassen von Ruckdefekten und 
einer Dunkelfeldbeleuchtung zum Erfassen von 
weiBen Defekten und Markierungen und Zeichen, 
die auf die Kontaktlinse gestempelt sind, ausgef uhrt 
wird. 
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Revendicatlons 

1. Proc6d6 pour contrdler I'apparence externa d'une 
lentille de contact immerg6e dans un liquide de pre- 
servation, comprenant les stapes consistant a : s 

former en image una partie d'insertion de len- 
tille de contact d'un conteneur d'insertion de 
lentille de contact par un disposrtif de formation 
d' image et extraire ensuite de I'image de la par- 10 
tie d'insertion de lentille de contact, une zone 
qui se trouve sur le conteneur. et qui est non 
necessaire au contrdle visuel d'une lentille de 
contact, formant de ce fait une image de mas- 
que correspondant a la zone extraite ; is 
former en image, comme objet de contrdle, un 
systeme contenant la partie d'insertion de len- 
tille de contact du conteneur, le liquide de pre- 
servation verse dans la partie d'insertion de 
lentille de contact et la lentille de contact placed 20 
dans la partie d'insertion de lentille de contact 
par le dispositrf de formation d'image en vue 
d'obtenir une image de I'objet de contrdle, re- 
couvrir I'image de I'objet de controle avec I'ima- 
ge de masque et soustraire I'image de masque 25 
de I'image de I'objet de contrdle pour fixer com- 
me zone de controle visuel la zone correspon- 
dant a une image de soustraction obtenue par 
ladite etape de soustraction ; et 
detecter des defauts de la lentille de contact 30 
tels que taches, matieres etrangeres, rayures, 
ruptures, fissures, endommagement periph6ri- 
que pour la zone de controle de visuel, effec- 
tuant de ce fait le controle visuel de la lentille 
de contact. 35 

2. Procede de controle visuel de lentille de contact se- 
lon la revendication 1 , comprenant de plus I' etape 
consistant a, entre ladite etape de formation d'ima- 
ge de masque et ladite etape de determination de 40 
zone de controle visuel, inserer la lentille de contact 
dans le conteneur dans un etat ou le liquide de pre- 
servation est verse dans le conteneur et appliquer 
ensuite une onde ultrason au conteneur pour eva- 
cuer les bulles se produisant dans I'objet de contrd- 45 
le. 

3. Procede de controle visuel de lentille de contact se- 
lon la revendication 1, dans lequel au moins deux 
reperes de positions pour la detection de position 50 
sont prevus a des positions predeterminers du con- 
teneur, et ladite etape de determination de la zone 

de contrfile visuel comprend les etapes consistant 
a : calculer la valeur de coordonn6es de chaque re- 
pere de position a la fois au moment de la formation 55 
de I'image de masque et au moment de la formation 
de I'image d'objetde contrdle ; agrandir, reduire, fai- 
rs tourner et deplacer en parallels I'image de I'objet 



de contrdle ou I'image du masque sur la base de la 
difference entre les valeurs de coordonn6es du re- 
pere de position calcuiee aux moments de la forma- 
tion d'image de sorte que I'image de i'objet de con- 
trdle et I'image de masque se recouvrent I'une 
I'autre ; soustraire I'image de masque de I'image de 
I'objet de contrdle pour obtenir I'image soustraite ; 
et fixer comme zone de contrdle visuel la zone cor- 
respondant a I'image soustraite. 

4. Procede de contrdle visuel de lentille de contact se- 
lon la revendication 1 , dans lequel un repere et des 
caracteres sont f rappes a des positions pr6determi- 
n6es sur la lentille de contact de facon a etre dis- 
posees concentriquement, et le repere et les carac- 
teres sont formes en image par le dispositif de for- 
mation d'image pour detecter les positions du repe- 
re et des caracteres, et dans lequel ladite etape de 
contrdle visuel comprend les etapes consistant a : 
diviser les informations de luminosite obtenues sur 
la base des pixels par le dispositif de formation 
d'image en de multiples zones a des intervalles an- 
gulaires predetermines ; sommer les informations 
de luminosite a chaque zone ; et detecter une plage 
d'estampage du repere et des caracteres sur la ba- 
se du resultat somm6. 

5. Proc6de de contrdle visuel de lentille de contact se- 
lon la revendication 1 , dans lequel ladite etape de 
contrdle visue! comprend les etapes consistant a : 
extraire la peripherie de la lentille de contact sur la 
base des informations de luminosite qui sont obte- 
nues sur la base des pixels par le dispositif de for- 
mation d'image ; calculer la distance entre la peri- 
pherie extraite et le centre de la lentille de contact 
a chaque intervalle angulaire fixe pour obtenir de 
multiples valeurs de distance a des intervalles an- 
gulaires fixes ; effectuer un procede de mise en 
moyenne pond6ree,par lequel une valeur moyenne 
des valeurs de distance obtenues est calcul6e tout 
en faisant varier le nombre des valeurs de distances 
utilisees pour la mise en moyenne pour obtenir de 
multiples valeurs moyennes des valeurs de distan- 
ce obtenues en conformite avec le nombre des va- 
leurs de distance ; et detecter un endommagement 
peripherique de la lentille de contact sur la base de 
la difference des multiples valeurs moyennes. 

6. Procede de contrdle visuel de lentille de contact se- 
lon la revendication 1, dans lequel ladite etape de 
formation d'image de masque comprend les etapes 
consistant a dilater, par au moins un pixel, I'entou- 
rage de la zone qui existe sur le conteneur et n'est 
pas necessaire pour le contrdle visuel de la lentille 
de contact. 

7. Precede de contrdle visuel de la lentille de contact 
selon la revendication 1 , dans lequel ladite etape 
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de contrdle visuel comprend l'6tape consistant a di- 
later, par au moins un pixel, ('entourage et la peri- 
pherie de la lentille de contact qui est decouple due 
a la soustraction de I'image de masque de ('image 
et I'objet de contrdle dans ladite 6tape de determi- s 
nation de ia zone de contrdle visuel, reliant de ce 
fait ('entourage de la decoupe. 

8. Dispositif de contrdle visuel pour contrdler I'appa- 
rence exteme d'une lentille de contact immergee 10 
dans un liquide de preservation incluant un moyen 

de formation d'image de masque pour former en 
image une partie d'insertion de lentille de contact 
d'un conteneur d'insertion de lentille de contact en 
utilisant un dispositif de formation d'image et pour '5 
extraire ensuite de I'image obtenue une zone qui 
existe sur un conteneur et qui n'est pas necessaire 
pour le contrdle visuel d'une lentille de contact en 
vue de former une image de masque correspondant 
a la zone extraite ; un moyen de determination de 20 
zone de contrdle visuel pour former en image, com- 
me objet de contrdle ; un systeme contenant la par- 
tie d'insertion de lentille de contact du conteneur, le 
liquide de preservation vers6 dans la partie d'inser- 
tion de lentille de contact et la lentille de contact pla- 25 
c6e dans la partie d'insertion de lentille de contact 
en utilisant le dispositif de formation d'image en vue 
d'obtenir une image de I'objet de contrdle, se faire 
chevaucher I'image de I'objet de contrdle et I'image 
de masque, et soustraire I'image de masque de 30 
I'image de I'objet de contrdle pour fixer comme zone 
de contrdle visuel la zone correspondant a une ima- 
ge soustraite ; et un moyen de contrdle visuel pour 
d&ecter des ddfauts de la lentille de contact tels 
que taches, matieres 6trangeres, rayures, ruptures, 3$ 
endommagement p6riphe7ique, pour la zone de 
contrdle visuel. 

9. Dispositif de contrdle visuel de lentille de contact 
selon la revendication 8, dans lequel la partie infS- 40 
rieure de la partie d'insertion de lentille de contact 

du conteneur est cone ue en une forme sphdrique. 

1 0. Dispositif de contrdle visuel de la lentille de contact 
selon la revendication 8, dans lequel I'opSration de 45 
formation d'image du dispositif de formation d'ima- 
ge est effectuSe sous un 6clairement de champ clair 
pour detecter des defauts du fond et un eclairement 

de champ sombre pour detecter des ddfauts b lanes 
ainsi que des reperes et des caracteres qui sont im- so 
primes sur la lentille de contact. 
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